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1.  Title j Legibility  of  aircraft  instrument  di&lss  the  relative  legi- 

bility of  manifold  pressure  indicator  dials* 

2*  Object*  To  obtain  objective  data  that  will  provide  specifications 

for  optimum  legibility  of  aircraft  manifold  pressure  dials. 


3.  Conclusions  and  recommendations: 


a.  VMth  ultraviolet  light  the  standard  manifold  pressure  indicator 
dial  (AC  Type  D-10)  exhibits  aa  improved  legibility  when  the  small  numbers 
at  the  mid-division  marks  are  obscured. 

b.  A manifold  pressure  dial  with  \/U  inch  numbers  is  superior  to  a 
dial  with  3/l6  inch  figvires,  It  appears  desirable  to  compresB  the  width 
of  the  numerals  in  relation  to  their  height  in  order  that  the  association 
between  a particular  number  and  its  appropriate  division  mark  is  of  optimal 

' clarity. 

c.  It  has  been  demonstrated  that  the  starting  point  of  a soale  can  be 
shifted  considerably  without  affecting  the  dial’s  legibility. 

d.  V/ithin  certain  limits,  the  legibility  of  a dial  appears  to  be 
closely  associated  with  the  angular  spacing  of  the  division  marks.  Two 
scales  which  have  a difference  in  the  angular  spacing  of  the  division  marks 
that  is  only  about  one  and  a half  degrees  exhibit  a statistically  signi- 
ficant difference. 
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1.  Titles  Legibility  of  aircraft  instrument  dials:  the  relative  legi- 

bility of  manifold  pressure  indicator  dials, 

2.  Objects  To  ob.->,A.  objective  data  that  will  provide  specifications 

for  optimum  legibility  of  aircraft  manifold  pressure  dials, 

3.  Conclusions  and  recommendations s 

a.  With  ultraviolet  light  the  standard  manifold  pressure  indicator 
dial  (AC  Type  D-10)  exhibits  an  improved  legibility  when  the  small  numbers 
at  the  mid-division  marks  are  obscured, 

b.  A manifold  pressure  dial  with  1 /U  inch  numbers  is  superior  to  a 
dial  with  3 /l6  inch  figures.  It  appears  desirable  to  compress  the  width 
of  the  numerals  in  relation  to  their  height  in  order  that  the  association 
between  a particular  number  and  its  appropriate  division  mark  is  of  optimal 

' clarity. 

c.  It  has  been  demonstrated  that  the  starting  point  of  a scale  can  be 
shifted  considerably  without  affecting  the  dial’s  legibility. 

d.  Within  certain  limits,  the  legibility  of  a dial  appears  to  be 
closely  associated  with  the  angular  spaoing  of  the  division  marks.  Two 
scales  which  have  a difference  in  the  angular  spacing'  of  the  division  marks 
that  is  only  about  one  and  a half  degrees  exhibit  a statistically  signi- 
ficant difference.- 

Report  by: 

ROGSSr  3.  LOUCKS,  Ph.D. 

Approved; 

ARTHUR  W.  MELTON,  it.  Col./Xc. 


Project  No,  325 
Report  No,  1 


Approved: 

pAtiL  A.  CAMPBELL,  Lt,  Col,,  M. C., 
Acting' Commandant. 


» 


\ 


I 


r/ 


Discussion: 

In  this  series  of  studies  the  relative  legibility  of  a dial  is  con- 
sidered to  be  indicated  by  the  accuracy  nyith  -which  & series  of  pointer 
settings  can  be  read  during  brief  exposures.  In  any  comparison  of  a pair 
of  aircraft  instruments,  the  dial  which  yields  the  fewer  errors  is  con- 
sidered oo  be  the  more  legible*  The  experimental  routine  for  these  studies 
ha3  been  described  in  Reports  No.  1 and  No.  2 of  Project  265,  ^d  in 
Report  No.  1,  Project  236,  AAF  School  of  Aviation  Medicine.  -The  testing 
procedure  may  be  briefly  described  as  follows:  Four  instrument  dial 

assemblies,  mounted  in  a row  cn  a masonite  panel,  are  exposed  in  an. 
irregular  sequence  -which  is  the  same  for  each  subject.  The  two  dials  whose 
relative  legibilities  are  being  measured  tire  always  placed  centrally.  In 
each  comparison  half  of  the  subjects  are  tested  with  a particular  dial  in 
the  left  central  position  and  half  of  tho  subjects  aro  tested  with  that 
dial  in  the  right  central  position,  Tho  two  outside  positions  aro  filled 
with  carburetor  temperature  indicators.  The  subjeot  is  thus  required  to 
identify  the  typo  of  scale  ho  is  reading  as  well  as  the  numerical  value  of 
the  sotting.  Each  fubject  is  required  to  read  a total  of  160  dial  sottings, 
or  I4.O  settings  on  each  of  tho  four  dials.  The  first  12  settings  comprise 
a preliminary  practice  series  with  an  exposure  timo  of  l*-secnnds.  The 
next  63  trials,  with  an  exposure  timo  of  1,5-aeconds,  are  considered  to 
constitute  an  additional  practice  series  which  prepares  the  subjects  for 
the  short  interval  readings  in  the  last  and  crucial  3orios,  The  last 
sorios  of  30  trials  with-  20  settings  per  dial  and  an  expos uro  interval  of 
.75-seconds  providos  the  critical  data  for  evaluating  tho  rolntivo  legi- 
bility of  tho  two  dials  boing  compared.  The  su.bjocts  employed  in  this 
study  consistod  of  qualified  aircrew  trainoos  with  10-hours  or  less  of 
pilot  training  and  no  specific  instrument  instruction.  Naive  subjects 
were  not  available  for  all  of  the  measurements  so  that  in  cortain  compari- 
sons subjects  were  omployod  who  had  takon  part  in  tho  dial  reading  project 
sovoral  weeks  boforo.  In  no  case,  hawovor,  had  any. subject  who  was 
employed  in  this  oxporimont  on  manifold  pressure  indicators  been  previously 
tostod  on  this  class  of  dial. 

Results 

The  appendix  contains  dotailed  quantitative  measurements  for  10  com- 
parisons of  tho  relative  legibility  of  various  dial  assemblies.  In  all 
cases  the  sub joots. wore  required  to  read  the  manifold  pressure  dials  to 
tho  nearest  1/2  inoh.  In  scoring  the  records,  a reading  which  doos  not 
differ  from  tho  .-'alibration  by  moro  than  plus  or  minus  one  division  is  con- 
sidorod  tro  bo  correct.  The  quantitative  findings  may  bo  enumerated  as 
follows: 


Comparison  No.  1 (See  Fig,  1^;  Incandescent  light..  20  experienced 
subjects.  Type  1 dial  'Standard  manifold  pressure  dial,  AC  Typo  B-10)  vs 
modified  dial,.  Typo  2,  with  l/S  inch  numbers  at  tho  mid-division  marks 
obscured.  With  incandescent  light  thorc  is  no  significant  difference  in 
tho  rolativo  legibility  of  theso  two  dials. 
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Comparison  No,  2 (Seo  Fig,  l);  Ultraviolet  liriit.  20  cxporicncod 
subjects,  Typo  1 dial  (see  above)  vs.  Typo  2 dial  (see  above).  Expcri- 
enced  subjects  do  not  . ~giater  a statistically  significant  difference  in 
the  rolativo  legibility  of  these  two  dials  under  conditions  of  ultraviolet 
light. 

Comparison  No.  2a  (See  Fig,  l);  Ultraviolet  lightc  20  inexperienced 
subjects.  Typo  1 dial  (soe  above) vs.  Typo  2 dial  (soo  above).  Tho  modi- 
fied dial  vhich  has  tho  mid-division  figures  obscured  i6  superior  to  tho 
standard  dial. 

Comparison  No.  2b  (Soe  Fig,  l);  Ultraviolet  light.  20  experioncod 
subjects  and  20  inexperienced  subjocts  from  the  above  groups.  Typo  -1  dial 
(soo  abovo)  vs.  Typo  2 dial  (see  abovo)*  At  an  exposure  interval  of  .75 
seconds,  tho  standard  dial  causos  more  errors  than  tho  dial  vdth  tho  mid- 
division numbers  obscured. 

Comparison  No.  3 (See  Fig.  2)t  Incandescent  light,  20  inexperienced 
subjects.  Typo  1 dial  (AC  cypo  D-10)  vs.  Typo  3 dial  with  3/16  inch  x l/32 
inch  numbers  at  oach  five-inch  division  mark.  Tho  Typo  1 or  standard  dial 
exhibits  a statistically  significant  superiority  to  Typo  3 dial  with  the 
smaller  and  more  uniform  figures. 

Comparison  No.  U (See  Fig.  3)>  Incandescent  light.  20  inexperiencod 
subjects.  Type  j dial  with  3/16  inch  numbers  at  each  five-inch  division 
mark  and  the  starting  point  of  the  scalo  in  the  S o’clock  position  vs.  Typo 
U dial  with  3/16  inch  figures  andthc  starting  point  of  tho  sonic  in  the 
6 o’clock  position.  There  is  no  statistically  significant  difforence 
between  tho  relative  legibility  of  tho  two  dials.  Apparently  tho  position 
of  the  starting  point  of  this  scale  can  be  shifted  considerably  without 
affecting  tho  overall  legibility  of  tho  dial. 

Comparison  No,  5 (Soo  Fig.  3):  Ultraviolet  light,  20  inexperiencod 

subjects.  Typo  3 dial  (soo  just  above)  ve.  Typo  b dial  (seo  just  abovo). 
Thoro  is  no  statistically  significant  difforence  between  tho  rolativo 
legibility  of  the  two  dials  undor  ultraviolet  light. 

Comparison  No,  6 (Soe  Fig.  Incandcse  nt  light.  20  inexperiencod 

subject's.'  fypo'b  dial  with  3/16  inch  numbers  m,  each  five-inch  division 
mark  and  the  starting  point  of  tho  scale  in  tho  6 o’clock  position  vs. 

Type  5 dial  (AC  Typo  D-8)  with  3,A6  inch  numbors  at  oach  fivo-inch  division 
mark  and  tho  starting  point  of  tho  scale,  in  tho  6 o'clock  position.  Scalo 
range  on  Typo  b dial  is  10-75*  Scalo  range  on  Typo  5 dial  is  10-50.  Type 
5 dial  with  the  shorter  scale  (10-50)  yic?.ds  a significantly  fewer  number 
of  orrors  than  tnu  Typo  b dial  (10-75  scale). 

Comparison  No;  7 (See  Fig  ,,5)t  Incandescent  light,  20  inexpo rioncod 
subjects . Typo'5  dlo.l  (AC  Typo  D-S)  ..with  3A6  inch  numbers  at  oach  five- 
inch  divi  sion  mark  and  the  starting  point  of  the  scale  in  tho  6 otclock 
position  vs.  Type  6 dial  (AC  Type  D-2A)  with  3/l6  inch  numbors  at  oach 
five-inch  division  mark  and  tho ’starting  point  of  tho  scale  in  the  6 o’clock 
position.  Scale  range  on  Typo  5 dial  is  10-50,  Scale  rango  on  Typo  6 dial 
is  10-60. 
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Type  5 dial  with  the  shorter  scale  (lO-pO)  yields  a sign.ifican.tly 
smaller  number  of  errors  than  the  Type  6 dial  (10-60  scale).  That  is  to 
say,  a scale  with  divisions  spaced  at  approximately  g°  gives  significantly 
fever  errors  than  a scale  with  division  mark3  at  6°  25'  ]nk*k"  * In  other 
words,'  a difference  of  approximately  a degree  and  one-half  in  the  spacing 
of  the  division  lines  for  two  dials  being  compared  yields  a significant 
diffdrenco  in  the  relative  legibility  of  the  two  dials, 

• Ccnpa'rssoh  No,  & (See  Fig,  6);  Incandescent  light,  20  inexperienced 
subjects."  Type  7 dial  (Standard  fuel  pressure  dial,  AC  Type  C-ll|A)  with 
a sco.le  rar.ge  of  <V25  vs.  Type  5 dial  (Standard  manifold  prossure  dial, 

AC  Type  B-2)  with  a scale  range  of  0~50.  Subjects  wore  required  to  read 
both  dials  in  the  same  terms,  i«e,,  to  the  nearest  l/2  inch  of  pressure. 

Pew  errors  were  made  on  either  of  the  above  dials  and  no  significant 
differonce  in  the  relative  iogibility  of  the  two  instruments  could  be 
demonstrated. 

Comparison  No.  9 (See  Pig,  2):  Incandescent  light.  2 Q experienced 

subjects.  Type  1 dial  (AC  'Type  P-10)  vs.  Type  3 dial  with  J>/l6  inch  x l/32 
inch  numbers  at  each  five-inch  division  mark.  Both  dials  have  modified 
pointers  with  uniform  taper  starting  5A&  inch  from  tho  tip  in  contrast 
with  the  standard  hands  shown  in  Fig.  2 which  have  a taper  starting  l/2 
inch  from  the  tip.  The  substitution  of  a pointer  with  less  tendency  to 
obscure  the  numbers  of  Typo  3 dial  and  the  small  mid-division  numbers- 
of  Type  1 dial  has  not  altered  the  direction  of  the  differences  in  relative 
legibility.  Type  1 dial,  with  the  large  figuros,  again  exhibits  a 
statistically  significant  superiority  to  Type  3 dial  which  has  the  smaller 
and  uniform  figures.  It  is  of  interost,  perhaps,  that  a majority  of  the 
subjects  in  this  comparison  and.  in  Comparison  No.  3,  preferred  the  dial 
with  the  larger  figures  to  tho  one  with  the  smaller  and  uniform  figuros. 

Summary  and  Discussion  of  Results 


"With  ultraviolet  light  the  standard  manifold  pressure  indicator  dial 
(AC  Typo  D-10)  exhibits  an  improved  legibility  then  the  small  numbers  at 
tho  mid-division  marks  are  obscurod.  The  reports  of  the  subjects  onployed 
in  this  experiment  and  similar  evidence  from  tachometer  dial  studies 
suggest  thr  t tho  small  numbers  at  the  mid-division,  which  are  somewhat 
difficult  to  interpret  with  ultraviolet  excitation,  serve  to  distract  tho 
subject  momentarily  so  that  his  ultimate  responses  tend  to  be  slowed  up. 

This  conf'rms  the  conclusion  formulated  in  previous  studios  of  this  project, 
namely,  that  the  'cleaner*  the  dial  tho  moro  logiblo  it  proves  to  be.  Tho 
findings  also  suggest  that  tho  ultraviolot  illumination  tends  to  create 
the  more  critical  situation  or  limiting  condition. 

In.  contrast  with  the  previously  reported  findings  of  the  second 
tachometer  dial  study  (See  Report  No.  2,  Project  265,  AAF  School  of  Aviation 
Medicine),  the  manifold  pressuro  dial  with  the  l/l+  inch  figures  is  superior 
to  a dial  with  ^>/l6  inch  figuros.  This  cannot  bo  attributod  to  the  fact 
that  a standard  width  pointer  tends  to  obscure  a greater  proportion  cf  the 
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small  figures  than  of  the  large  figures.  A specific  check,  made  with  a 
specially  tapered  pointer  which  has  only  a minimal  tendency  to  obscure 
the  smaller  numbers,  yields  the  same  typo  of  findings  as  woro  obtained 
from  pointers  with  standard  tips.  The  apparont  discrepancy  between  the 
rolative  legibility  of  a tachomoter  dial  with  large  figures  and  the 
rclativo  legibility  of  a manifold  pressuro  indicator  with  large  figures 
can  probably  bo  accounted  for  in  terms  of  tho  different  stylos  of 
numerals  which  aro  employed  in  tho  two  instances.  As  it  was  pointed  out 
in  tho  socorid  rosoarch  report  on  tachomctor  dials,  tho  stylo  of  the  numerals 
engraved  on  tho  tachometer  dial  makes  it  difficult  to  toll  which  division 
tho  largo  figures  aro  to  be  associated  with.  In  the  prosont  instance,  the 
ratio  of  tho  height  to  width  of  tho  large  numerals  engraved  on  the  manifold 
pressure  dial  (i.o.,  a ratio  greater  than  1.00)  tends  to  obviate  this 
•difficulty. 

A manifold  pressure  d ial  which  has  its  starting  point  in  the  6 o’clock 
position  does  not  givo  rise  to  any  more  errors  than. a dial  which  has  i'cs 
starting  point  in  the  6 o’clock  position.  It  would  appear  that  tho  start- 
ing point  of  the  dial’s  scale  can  be  shifted  considerably  without  affocting 
its  legibility. 

Within  certain  limits,  the  legibility  of  a dial  appears  to  bo  closely 
associated  with  the  angular  spacing  of  tho  division  marks . Thus  a dial 
with  a range  of  10-50  is  significantly  more  legible  than  a scale  which 
covers  tho  seme  portion  of  the  dial’s  circumference  but  has  a range  of 
10-60.  Tho  actual  difference  in  the  angular  spacing  of  tho  division  marks 
in  this  instance  is  only  about  one  and  one-half  degrees.  On 'tho  other 
hand,  when  the  dial  with  a scalo  of  10-50  is  compared  with  a dial  having 
a scale  of  0-25  covering  the  same  portion,  of  ihc  circumference  there  is 
no  measurable  difference  in  relative  legibility  with  incandoscont  light. 

-In  other  words,  once  the  dial  scale  has  roachcd  a certain  degree  of  ex- 
pansion, further  simplification  does  not  appear  to  affect  its  legibility. 
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Figure  1.  Comparison  No.  1.  Incandescent  light.  Type  1 dial  vs.  Tyoe  2 dial. 
20  experienced  subjects,  400  judge. neats  at  .75  seconds. 


Type  1 Dial 
54  error 

No  statistically  significant  difference 


Type  2 Dial 
44  error 


(T-vaVue.  .71) 


See  Fly.  1.  Co  jjsr 1 son  No.  2.  Ultraviolet  light.  Typo  1 dial  vc . Type  2 dial. 
20  experienced  subjects,  40C  judgements  at  .75  seconds. 

Type  1 Dial  Type  2 Dial 

154  error  114  error 

No  statistically  significant  difference  (T-value,  1.87) 


See  Fig.  1.  Comparison  No.  2a.  Ultraviolet  light.  Type  1 dial  vs.  Type  2 dial. 
20  inexperienced  subjects,  400  judgements  at  .75  seconds. 

Type  1 Dial  Type  2 Dial 

I2i  error  7^t  error  . 

Significant  difference  at  ?<  level  (T-value,  2.46) 


See  Fig.  1.  Comparison  No.  2b.  Ultraviolst  ligfrt.  Type  1 dial  vs.  Type  2 dial. 

20  experienced  and  20  Inexperienced  subjects  from  above  groups. 

900  judgements  at  .75  seconds. 

Type  1 Dial  Type  2 Dial 

134  error  84  error 

Significant  difference  at  14  level  (T-value,  3.15) 
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Tigure  2.  Comparison  17o.  3.  Incandescent  light.  Type  1 dial  vn.  Type  3 dial. 
20  lnexnerienced  subject.!,  400  judgements  at  .75  Beconde . 


Type  1 Dial 
6^  error 

Significant  difference  at  lv 


Type  3 Dial 
15$  error 

level  (?- value,  4.29) 


figure  3.  Comparison  Ho.  4.  Incandescent  light.  Tyne  3 dial  vs.  Type  4 dial. 
20  inexperienced  subjects,  400  judgements  at  .75  seconds. 


Type  3 Dial  Type  4 Dial 

18$  error  16$  error 

Ho  statistically  significant  difference  (T-vsluc.  .74) 


A DC 


See  Fig. 


Comp arisen  Y.z . z.  VI 
20  inexperienced  sue; 


raviolet  light.  Type  2 dial  ts,  Type  4 dial, 
cts,  400  judge oents  at  .75  seconds. 


Tyre  3 Oial  Type  4 Dial 

4C~v  error  36<  error 

No  statistically  significant  difference  (T-value,  1.17) 


Figure  4.  Comparison  Vo.  £ 
20  inexperienced 


. Incandescent  light.  Type  4 dial  vs.  Type  5 dial, 
subjects,  400  judgements  at  .75  seconds. 


Type  4 Dial 
20^  error 

Significant  difference  at 


Type  5 Dial 
12*  error 

1*  level  (T-value,  3.0=?) 


Figure  5. 


Comparison  1? o.  7. 
2C  inexperienced  s- 


Incandescent  light.  Tyoe 
Ejects,  4DC  judgements  at 


5 dial  vs  . 
.75  seconds, 


Type  5 Dial 
12*  error 

Significant  difference  at  1^  level 


Type  6 Dial 
21<  error 
(T-valus,  2.96) 


dial . 


Flyura  6. 
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Comparison  No.  9.  Tnonn^mo-nt  Li,.  1 1 *.  . Tvoc  5 linl  vn  . Typo  7 dial. 
20  inex  perlenced  subjects,  4<>9  j i I • *•  sent/;  at  -7,j  seconds  . 


Tyoo  5 Dial 
111  error 

No  ata'  latlcally  significant  difference 


Typo  7 Dial 
9"?  error 
(T-vulue,  1.70) 


Sea  Fig.  2.  Comparison  No.  9.  Incandescent  light.  Tyne  1 dial  va.  Type  3 dial. 

Modified  nointern  on  both  dial  with  uniform  t oer  atartlng  5/l6" 
from  tic.  In  contrast  vlth  hando  abown  In  Flfmre  2.  20  exnerlenced 

subjects,  4T)  Judgements  at  .75  seconds. 

Type  1 Dial  Type  3 Dial 

li  error  6^  error 

Significant  difference  at  1^  IovpI  (T-value,  4.13) 
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